Introduction
Clothing is one of the fundamental needs of humans for protection from external environment. People's selection of clothing is based on their needs and desires. However, the preferences of people change with the context: season, climate, age, type of work/activity and so on. Comfort is a basic requirement in clothing selection in all conditions. Comfort can be defined as 'a pleasant state of psychological, physiological and physical harmony between a human being and the environment' [1] .
Wicking is the natural property of cotton. It absorbs the perspiration from the body and evaporates the moisture through wicking action throughout the surface of the fabric and keeps the body cooler and dry. Not only the fibre and the yarn but also the woven fabric characteristics such as structural porosity that play an important role in the comfort properties of clothing. In order to understand the effect of woven fabric properties, the geometry of the woven fabric is considered, which depends upon the woven pattern or the weave design of the fabric. The fabric should give comfort to the wearer in terms of good perspiration absorbency and moisture management.
Clothing plays a vital role in thermo-regulatory process as it alters heat and moisture loss from the skin [2] . The clothing comfort depends upon the external climatic conditions along with the type of clothing and fabrics weave structure [2] . The comfort properties of a textile material are generally represented by fabric moisture management, thermal resistance and air permeability. Thermal conductivity is the property of a material that indicates its ability to conduct heat. It is the heat flux (energy per unit area per unit time) divided by the temperature gradient [3] . Moisture management of a fabric is its ability to absorb and transfer moisture through the fabric. Thermal resistance is the evaluation of the material's ability to prevent heat from flowing through it. It is the temperature difference between the two faces of textile structure divided by the resultant heat flux per unit area in the direction of the gradient [4] [5] [6] . Air permeability is the measurement of the material's ability to allow air flow through it. It is defined as the rate of air volume flowing through fabric when there is a pressure difference on both sides of the fabric [7] .
Every fibre has certain characteristics. Linear density and cross-sectional shape of the fibres affect the thermal properties. The increase in the linear density increases the porosity of the fabric which results in decreased thermal conductivity [8] . Yarn compactness along with the twist factor also affects the thermal resistance of the fabric. With the increase in fabric compactness, the porosity decreases resulting in the increase of thermal resistance [9] .
Hearle and Morton [10] explained that the thermal conductivity of a fabric depends upon the air entrapped in it than on the fibre conductivity. Fabrics with high values of air flow are more suitable for summer clothing because they allow more passage of air through them, which means more comfort. The fabric with twist-less fibrous assembly in the weft shows the highest air permeability whereas the fabric with the hollow fibrous assembly in the weft shows the lowest air permeability [11] .
Fabric properties like cover factor and thickness also have an impact on the thermal comfort of the fabric. Bilska et al.
[12] studied the effect of weave design on thermal comfort properties of the fabric and found that plain fabrics have the highest value of thermal resistance following their compact structure. The compactness of the structure of plain weave reduces the porosity of the fabric, which results in lower thermal conductivity; canvas weave has a better thermal conductivity due to a comparatively open structure; and twill weave has the lowest value of thermal resistance and the highest value of thermal conductivity due to open its structure which has large floats of yarns, which is the cause behind the higher porosity of
Abstract:
This paper aims to investigate the relationship between fabric weave structure and its comfort properties. The two basic weave structures and four derivatives for each selected weave structure were studied. Comfort properties, porosity, air permeability and thermal resistance of all the fabric samples were determined. In our research the 1/1 plain weave structure showed the highest thermal resistance making it suitable for cold climatic conditions. The 2/2 matt weave depicted the lowest thermal resistance which makes it appropriate for hot climatic conditions.
Keywords:
cotton, response surface regression, thermo-physiological comfort, weave lifting of different group of warp yarns. Three repetitions of each weave structure were prepared. The schematic diagram of the weave structures are shown in Figures 1 and 2 . The comfort properties of all the fabric samples were tested and confirmed. The water vapour resistance and thermal resistance of all the fabric samples were measured according to ISO 11092:1993 using sweating-guarded hot plate M259B by SDL Atlas Inc.. The air permeability was also measured according to BSEN ISO 9237:1995 using the M021A of SDL Atlas Inc.
The statistical analysis was done by using Minitab 16. Oneway ANOVA was applied to analyse the significance of weave structures on the comfort properties of the fabric.
Results and discussion
In this section, the effect of weave structure on comfort properties is discussed. As the comfort properties are generally related to porosity, air permeability and thermal resistance, these parameters are discussed individually. the fabric. Matusiak and Sikorski [13] also studied the effect of weave design on the comfort of the fabric and concluded that it affected the porosity of the fabric. They found that plain weave has less porous structure and has a high value of thermal resistance. Owing to higher porosity value of plain weave, the heat and moisture transfer through it decreases, which makes it comfortable for warm climate. It should be noted that 2/2 S twill and 3/1 S twill have more value of porosity as compared to plain weave and give cool feeling by permitting the passage of sweat and heat through them.
It is evident that the thermo-physiological comfort has an important role in the clothing selection. The objective of this research was to study the effect of fabric weave structure on thermo-physiological comfort.
Experimental
In the present study, cotton carded ring spun yarns of 37 tex and 28 tex were used to make fabric samples. The yarn properties are shown in Table 1 . The yarns were made at the speed of 17000 rpm by using Marzoli MP-1N ring frame. The drafting system on this ring frame was 3/3 PK 2025 with 42mm ring cup diameter.
Trützschler blow room line with multifunction separator SP-MF, clean mat CL-C1, CL-C3 and foreign part separator SP-F were used. Trützschler TL-03 card and TD-03 drawing frame were used for sliver formation and parallazation, respectively. The roving which was fed to the ring frame was made on simplex machine Marzoli FTSDN.
Fabrics with different weave designs having same areal density and cover factor were woven using 37 tex in warp direction and 28 tex in weft direction. The two basic designs selected for this study were plain and the twill weave structures. The four derivatives for each of the selected weave structure were as follows: 1/1 plain, half panama, 1/1 ottoman, 2/2 matt, 2/2 S twill, 3/1 S twill, 2/2 broken twill and 3/1 broken twill fabrics, which were made on an air jet loom by the systematic arrangement of
The results showed that the weave structure has statistically significant correlation with all the selected parameters.
Effect of weave on porosity
Porosity is the free space between the yarns interlaced in the fabric. It is one of the parameters which affect the thermophysiological comfort of the fabric. Figure 3 illustrates the experimental results obtained for fabric porosity and the weave structure.
The relationship between porosity and weave structure is statistically significant at 95% confidence level. The results showed the highest value of fabric porosity for 1/1 ottoman. This is because of the open structure of this weave, which provides more space between the warp and weft yarns. The open structure is obtained following very few interlacement points of the warp and weft yarns.
Effect of weave on air permeability:
Air permeability is the free passage for air in the fabric which indicates the porosity of the fabric. The higher the porosity, the higher will be the air permeability of the fabric. Experimental results showed that the effect of weave structure was found significant for the air permeability of the fabric (p-value < 0.001). The results depict that broken 2/2 twill weave had the highest air permeability followed by Ottoman and 3/1 broken twill weave. This is because of the loose structure as well as the higher fabric porosity. The lowest air permeability value was obtained for plain weave following its compact structure. The individual value plot for air permeability and weave structure is shown in Figure 4 . Table 2 shows the average values of porosity, air permeability and thermal resistance of all the weave structures. The one-way ANOVA was applied on the results obtained for porosity, air permeability and thermal resistance. Table 3 shows the R-Sq and p-values for all the parameters. appropriate for hot climatic conditions. The individual value plot for air permeability and weave structure is shown in Figure 5 .
Conclusions
The research results proved that weave structure has a statistically significant effect on the porosity, air permeability and thermal resistance of the fabric. The observed parameters contributed to the thermo-physiological comfort of the fabrics. Each weave structure has a specific pattern of yarn interlacing points between the warp and the weft. It can be concluded from the experimental results that the higher the yarn interlacing points, the lower will be the porosity and air permeability which means higher thermal resistance. The experiments illustrated that 1/1 plain weave has
Effect of weave on thermal resistance (Rct )
Thermal resistance of a fabric refers to its ability to resist the heat flow through it. The lower the thermal resistance, the better will be the comfort for hot climatic conditions. Experimental results showed that the weave structure has a significant effect on the thermal resistance of the fabric (p-value < 0.001). The results depicted that the 1/1 plain weave has the highest thermal resistance. This is because of the fact that 1/1 plain weave has the maximum yarn interlacing points between warp and weft. High thermal resistance of this weave makes it suitable for cold climatic conditions. On the contrary, 2/2 matt showed the lowest thermal resistance because of its relatively less number of yarn interlacing points between warp and weft. Minimal thermal resistance of 2/2 matt weave makes it h a l f p a n a m 
